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(54) Active matrix electroluminescent display device 



(57) In a display device including, for each pixel, an 
organto EL element (60) andTFTs (30. 40)f orcontrolHng 
the element, a sequential circuit (350) is provkied for 
stopping supply of power source voltages Vvdd and 



Hvdd to drivers (80, 00) for driving the TFTs (30. 40) 
which control each organic EL element (60) after step- 
pe supply of power source vottage Pvdd to the organic 
EL element (60) when the device Is turned off. 
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Descr^tion 

BACKGROUND OF THE INVENTION 

1 . Field Of the Invention 

[0001] The present mvention relates to a display de- 
vice connprfsing a thin film transistor (hereinafter re- 
f enred Id as a TFT* ) for controlling a ciinent to be sup* 
plied to a light emissive element. 

2. Description ot the Related Arts 

[0002] In recent years, electroluminescence (herein- 
after referred to as "EL") display devices using an EL 
element have been attracting attention as possiile re- 
placements for CRTs and LCDs. 
[0003] in addition, an EL display device provided with 
a thin film transistor functioning as a ewitdhing element 
tor driving the EL etentent has t>een reseaiched and de- 
veloped. 

[0004] Rg. 1 is an equivalent circuit diagram of an EL 
display device according to a related art. 
[OOOS] referring to Fig. 1, an EL display panel In- 
cludes, on an insulating substrate 1 0, a pturalRy of scan 
signal ines 81 connected to a vertical driver 80 for sup- 
plying a scan signal, and a pluraltty of data lines 01 re- 
ceiving a data signal Sig on a data input line 02 when 
sampling transistors SP1, .... SPK SPk^l, .... SPn are 
turned on in accordance with the timing of a sampling 
pulse outputf rom a horizontal driver OOfor supplying the 
Mb signaL Near each Intersection Isetween these lines 
81 and 91 , a switehing TFT 30 connected to these lines 
81 and 91 , an elmnent driving TFT 40 connected to the 
swttching TFT 30. and an organic EL element 60 for 
emitting light by receiving a current from an element 
drhring power source line 100 in aooordance with a volt- 
age applied to a gate of the element driving TFT 40 are 
disposed. 

[0006] AstoragecapacttoryOisprovidedl^etweenthe 
TFTs 30 and 40, having one electrode 71 connected to 
a source lis of the TFT 30, and the other electrode 72 
receiving a potential common to all ifisplay pixels 200. 
[0007] The horizontal driver 90 receives a timing sig- 
nal and the \lke, such as a horizontal start pulse STH, 
whHe the vertical driver 80 receives a timing signal and 
the like, such as a verticai start pulse. 
(OOOq The drivers 80 and 90 also receive driving volt- 
ages Vvdd and Hvdd, respectively, for driving these driv- 
ers. Each of the driving voltagee Hvdd and Vvdd drives 
a shift roaster forming one of the <jbivets. 
[0009] The sampling pulses are sequentially output 
from the horlzontat driver 90 t>ased on the start signal, 
and the sampling transistors SP are turned on in re- 
sponse to the sampling pulee, wherek>y a data signal 
Vdatal on the data Input line 92 is supplied to the data 
signal line 9 1 . A gate signal is €ipplied from the gate sig- 
nal line 81 toagate 13ofttie first TFT 30, thereby turning 



on the first TFT 30. As a resutt, a drain signal is supplted 
to a eouroe lis of the TFT 30. and a voltage Vdata2 
obtained at this point in time Is applied to a gate 43 of 
the second TFT 40, thereby turning on the second TFT 

5 40 and causing a currentto flow from the element driving 
power source line 1 00 to the EL element 60 in accord- 
ance with a gate voltage Vdata2, such that light is envt- 
ted from the EL element 60. 
[0010] A power source ciicuit 300 for generating the 

10 driving voltages Wdd and Hvdd for driving the drivers 
80 and 90, and an element driving power eouice Pvdd 
shown in Fig. 1 will next be described. . 
[0011] Rg. 2 is a block diagram of the power source 
circuit according to a related arL 

IS [0012] Refening to Rg. 2, the power source circuit 
300 Includes a driver driving voltage generation circuit 
320 for generating the driving voltages l-ivdd and Vvdd 
for driving the drivers 80 and 90» and an elenrient driving 
voltage generation circuit 330 for generating the ele- 

so ment driving voltage Pvdd. The driving voltage genera- 
tion drcuits 320 and 330 are each fonined by a DC/DC 
converter for converting a voltage ot a power source 
31 0. say. converting a voltage of 15V to a voRage of 1 2V. 
pOIS] The vottages of the driving voltage generation 

ss circuits 320 and 330 am provided to the drivers 80 and 
90 and the element driving power source line 100. 
P014] In conventional EL display devices, however, 
when the display device is turned off after use, within 
the power source dram 300, the flow of power is only 

30 suspended to the power source 31 0 and the circuits 320 
and 330. When the votage Vdata2 applied to the gate 
of the second TFT 40 falls before the element driving 
voltage Pvdd. a large amount of cun^ent may Instantly 
flow to the EL element 60 from the power source line 

33 100, even though control by the second TFT 40 b not 
posst>le. When this oocura. degradation of an emissive 
layer 66 of the organic EL element 60 may result 
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SUMMARY OF THE INVENTION 



[poiq The present Invention has been conceived In 
view of the above-described problems, and an object 
thereof is to provide a display device capable of prevent- 
ing degradation of an emissive layer as would otherarlsd 
4s be caused by excessive and instantaneous embaion of 
light from an EL element when the display device is 
turned off. 

[OOiq According to one aspect of the present inven- 
tion, a display device Includes a vertical driver for sup- 

^ plying a scan signal to a plurafity of gate signal f nes; a 
horizontal driver for supplying a data s^nal to a pluraflty 
of data s^^ lines crossing said plurality of gate signal 
lines; a switching element connected to trie gate signal 
line and the data signal line at an intersection between 

99 these signal lines; an emissive element connected to 
. said switching element; an element driving power 
source line for supplying electric power to said emissive 
element; and a sequence circuit for stopping supply of 
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didctric power to said elemoni driving power source flno 
before stopping suppty of a driver driving power source. 
[0017] According to another aspect of the present In- 
vention, the switching element Is composed of first and 
second thin film transtetors, the first thin film transistor 9 
has a first region of an active layer connected to said 
data signal line, a gate connected to said scan signal 
IktOf and a second region of the acdve Interconnected 
to a gate of the second thin film transistor, and the sec* 
ondthin film transistor hasafirstiegion of an acdvelayer io 
connected to said element driving power source line, 
and a second region of the acdve layer connected to 
one electrode of said emissive elennent. 
{001 q According to a further aspect of the present in- 
vention, the sequence circuit includes first and second ^ ^ 
trart^stors; first and second resistors; and a thkd resIS' 
tor connecting said first and second transistors, saldtlr^ 
transistor has an emitter connected to said first resistor 
which is connected to an element driving power source 
generation circutt, a base connected to a power source, so 
and a collector connected to ground, and said second 
transistor has an emitter connected to said second re- 
sistor which is connected to a driver driving power 
source generation circuit, a base connected to said third 
resistor, which Is connected to the emitter of said first ss 
transistor, and to the other electrode of a capacitor 
whose one electrode Is connected to ground, and a col- 
lector connected to ground. 

ipoiq Accordlngto a further aspect of the present In- 
vention, the emisshre element is an electrohimines- 30 
cence element. 

[0020] With the present invention, a display devloeca- 
pable of preventing degradation of an emissive element 
which would othenAflse b& caused by a large amount of 
cun^ent instantly flowing to the emissive element wtien ^ 
the dteplay device Is turned off can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00211 Fig.1 isadrcuildiagramofanELdisptitde- 40 
vice. 

[0022] Rg. 2 illustrates a configuration of a power 
source circuit of a display device according to a related 
art. 

[0023] Fig.3isadiQgramof a driving circuit of a dis- ^ 
play device according to the present Invention. 
[0024] Rg. 4 schematically illustrates a planar struc- 
ture of a dteplay pixel portion of an EL dteplay device 
according to the present invention. 
[0020] Fig. 5A is a croes-sectional view of the EL dis- ^ 
play device taken along the line A-A In F^. 4. 
[0026] Fig. 5B is a croes-sectional view of the EL dis- 
play device talcen along the line B-B In Fig. 4. 

DESCRIfTION OF THE PREFERED EMBODIMENTS ss 

[0027] A display device of the present invention will 
next be described. 



[PQ2q Fig. 3 illustrates a configuration of a power 
source circuit of the display device according to the 
present Invention. 

[0029] Ref ening to Fig. 3, a power source circuit 300 
Includes a driver driving voltage generation circuit 322 
connected to a power source 310 and generating a vott* 
agefordriving a vertical driver 80 and a horizontal driver 
90, an element driving voltage generation circuit 332 
connected to the power source 31 0 and driving an en^ 
sive element, and a sequential ciicult 350. 
[0030] The sequential cincurt 350 includes first and 
second transistors Q1 and 02, resistors R1 , R2, and R3, 
and a capacitor CI . The first and second transislors Q1 
and 02 are, in this example, both PNP transistors. 
[0031 ] The first transistor Q1 has an emitter connect- 
ed to the first resistor R1 which is connected to the ele- 
ment driving power source generation circuit 332, a 
baseconnectedto the power source31 0, and a collector, 
connected to ground. 

(003q The second transistor 02 has an emitter con- 
nected to the second resistor R2 which is connected to 
the driver driving voltage generation circuit 322 for driv- 
ing the horizontal and vertical drivers, a base connected 
to the emitter of the first transistor Q1 through the third 
resistor R3 and to the capacitor CI provided t>etween 
the transistor 02 and tlie ground, and a collector con- 
nected to ground. 

[0033] When the display device is turned on and the 
voltage te supplied to the dteplay device from the power 
source, the voltages Vvdd and \-Mdi are supplied from 
the power source circuit 300 shown in F^. 3 to the drh^ 
ersBOandOOdescribedinoonnectlon with Fig. 1, there- 
by driving the drivers 60 and 90 and ar^lying the voitage 
Pvdd for driving ttie element to the element driving pow- 
er source line 100. For example, the voltage of the pow- 
er source 310 may be 20V, the driver driving voltages 
Hvdd and Vvdd, 1SV, and the element driving voltage 
Pvdd. 12V 

(0034] The drivers 80 and 90 driven in the at>ove-de- 
scribed manner receive signab requirsd to prseent a 
<fisplay, such as start pulses STH, STV, and the like. 
[0035] The sampling transistorB SP1,..., Splc, 
SPM Spn are sequentially turned on in accord- 
ance with the sampfing pulse based on the start putee 
STH. whereby the data signal Vdatal on the data input 
line 92 Is supplied to each of the data signal lines 91 . 
Meanwhfle. a gate signal is supplied f romthe gate signal 
lineal to the gate 13 of the first TFT 30 based on the 
start pulse STV, thereby tumlng on the first TFT 30. As 
a result, the data signal te supplied to the source lis of 
the TFT 30. and the voltage Vdata2 obtained at thte point 
in time is applied to the gate 43 of the second TFT 40. 
thersby tumlng on the gate of the second TFT40, caus- 
ing a current at the element drhring power source line 
100 to flow into the EL element 60 in accordance %Mth 
the voltage Vdata2, so that light Is emltlad from the EL 
element 60. 

iposq Operation of the power sounE» circuit 300 
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whan the display device Is turned on will next be de- 
scribed wfth reference to Rg. 3. 
[0037] When the device Is turned on. the power 
soufce 31 0 ie first ewttched on . and the generated power 
source voltage is supplied to the element driving voltage 
geneiBtton circuft 332, the driver driving voltage gener- 
ation circuit 322. and the baee of the first tfaneistor Q1 . 
[ooaq When the voltage Is thus suppfled to the ele- 
ment driving volage generation circuft 332, the element 
driving voltage Pvdd Is generated and supplied to the 
element driving power source ine 100. 
[(^39] Meanwhile, when the voltage Is thus supplied 
to the driver driving voltage generation circuit 322, the 
driver driving volteigee Vvdd and Hvdd are generated 
and suppltod to the drivers 80 and 90. 
[0040] The first transietor Q1 will not be turned on 
when the power source 31 0 Is turned on because It is a 
PNP transistor as described above. 
[CM41] Therefore. %vhen the power source 310 is 
turned on, the element driving voltage Pvdd Is suppled 
to the element driving power source line 100 from the 
element driving voltage generation circuit 332, and the 
driver drhring voltages Vvdd and Hvdd are generated bf 
the driver driving voltage generation circuit 322, and 
supplied to the drivers 80 and 90. 
[00421 Operation of the power source circuit 300 
when the display device is turned off will neid be de- 
scribed with reference to Fig. 3. 
[0043] When the device is turned off, the power 
source 310 is first switched off, and the element (kiving 
voltage generation circuit 332 and the driver driving volt* 
age generation circuit 322 are turned off. 
[0044] When the power source 31 0 is switched off, the 
basB of the first transistor Q1 assumes a "Ljoh^ voltage 
and the first transistor Q1 » turned on. As a result, the 
current applied to the element driving power source Hne 
100 In accordancewlththeelement driving volage Pvdd 
flows to ground through the resistor R1 and the emitter 
and the ooBector of the first transistor Q1. The tMng 
after the operation of the transistor Q1 at which the el- 
ement driving power source voltage Pvdd is decreased 
may be controlled to as desired by adjusting a time con- 
stant deterrraned by the resistor R1 andacapadtorC2. 
[0045] When the first translstDr Q1 is turned on by 
turning off the power source 310, the emitter potential 
of the transistor Q1 is decreased, and a *Low" potential 
is applied to the base of the second transistor 02 con- 
nec^d to this emitter through the resistor R3, thereby 
turning on the second transistor Q2. As a result, a cur- 
rent flows to ground from the power source line for sup- 
plying the power source voltages Vvdd and IHvdd to the 
drhm 80 and 90 through the resistor R2 and the emitter 
and collector of the second transistor 02. The timing af • 
terthe operation of the transistor 02 at which the driver 
power source voltages Vvdd and Hvdd is decreased 
may be controlled to as desired by adjusting a time con- 
stant detemnned by the rosier R2 and a capacftor C3. 
(004e) Thus, when the power souioe 31 0 Is switched 



off. first the first transistor 01 and then the second tran- 
sistor 02 are turned on. More specificafly, by first turning 
on the llrsttranslstorOI, the electric charge applied to 
the element driving power source line 100 flows to 

9 ground through the first transistor 01 . When a i>eriod as 
determined liy the resislor R3, the capacitor CI , or the 
like has elaps»d after the firat transistor 01 b turned on , 
the second transistor Is turned on and the electric 
charge applied to the driveis 80 and 90 flows to ground 

10 through the second transistor 02. 

[0047] Thus, supply of Ihe element driving voltage 
Pvdd Is first halted, and thereafter supply of the driver 
driving voltages Hvdd and Wdd is stopped. Theiefbre, 
supply of the voltage to the element driving power 

19 soufoe line 100 can be stopped b^ore stopping appHU 
cation of the voltage to the gate 43 of the second TFr40 . 
[0O48] An organic EL dfeplay device provided wfth 
TFTs for swfech^ and driving the element will be de- 
scribed. Fig. 4 is a plan view ilkistrating a portion near 

so a display pixel, Fig. SA Is a cross sectional view taken 
along the ine A-A In Fig. 4, and Rg. 5B Is a cross sec- 
tional view taken along the line B-6 In Fig. 4. Compo- 
nents common to the resf^ctive figures are labeled wfth 
the same raference characters and numerals. 

^ [0048] Refentng to Rg. 4, the display pbcel Is formed 
in a regton surrounded by the gate signal lines 81 and 
the data lines 91 . Near an Intersection t)etween these 
lines, the fust TFT 30 tor switohing is disposed. The 
source 1 1s of the TI=T 30 functions as a capacitor eleo- 

30 trode 55 foiming a capacitor with a storage capacitor 
electrode ine 54 de8crft>ed below, and is connected to 
the gate 43 of the second TFT 40 for driving the EL el- 
ement. The second TFT has a source 41 s connected to 
an anode 61 R of the organic EL element 60 and a drain 

^ 41 d connected to the driving power source line 100 
which functions as a cunrent source for supplying a cur- 
rent to the organic EL element 60. 
[0050] A storage capacitor electrode line 54 is de- 
posed near the TFTs In paraSel to the gate signal line 

4a 81 . The storage capacAor electrode line 54 is formed of 
chromium or the like, andfonms a capacitor with the ca- 
pacSor electrode 55 connected to the source 1 1 s of the 
TFT 30 through a gate Insulating film 12tostoreelectrk; 
charges. The storage capacitor Is provMed for holding 

^ the voltage applied to the gate vottage 43 of the second 
TFT 40. 

(0051] Refening to Rg. 5A and Fig. 5B, the organic 
EL display device Is fomied by provldlhg the TFTs and 
the oi^ianic EL element stacked In a proper order on a 
so substrate 10 formed of a material such as glass or 
thette resin, or of a conductive or semiconductor male- 
rial. 

IP0S21 The first TFT30functk>nlnga8 aswItchlngTFT 
will first be descr8)ed. 
S5 [0053] As shown in Fig. 5A, on an insulating substrate 
lOfonnedof quartz glass, non-alcatlne glass, orthelike, 
a non-amorphous siicon film (a-Si film) is fomied 
through CVO or the like and Irradiated with laser beams 
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to form a pofycrystaltino silicon film (p-Si film) 11 func- 
tioning as an active layer The gate insulating film 12 ia 
disposed on the p-SI film 11 . On this f Ibn are f ornied the 
elemefit driving power source line 1 00. the stor^ ca* 
pacftor line 54. and the scan signal One 81 functioning 
as a gate electrode 1 3 formed of a refractory metal, such 
as chromium (Cr). molybdenum (Mo), or the ike. 
[0054] On the gate Insulating film 12« over Its entire 
surliace, are layered the gate electrode 13, the element 
driving power source line 100, and the storage capacitor 
electrode line 54, an interlayer insulating film 14 com- 
posed of an Si02 film, an SIN lilm» and an SIO2 film, In 
that order; A drain electrode 1 5 formed by filRng a n>etal, 
such as Al, In a contact hole provided corresponding to 
the drain 1 1 d, Is disposed. The data fine 91 functions as 
the drain electrode 15. Further, a planarization Insulat- 
ing f Ibn 1 6 Is formed of an organic resin over the entire 
surface for pianarrang the surface. 
[0055] The second TFT 40 used for driving the organ- 
ic EL element wll next be described. 
[0056] As shown in Fig. 5B, on the substrate 10 are 
formed an active layer 41 of a p-si f 8m f ornied slmutta- 
neousiy with the active layer of the f i rst TFT 30, the gate 
Insulating fOm 1 2, and the gate electrode 43 of a refrac- 
tory metal such as Cr or Mo, In that order. At the acdve 
layer 41 , a channel 41c is provided, and a source 41s 
and the drain 41 d ana formed on both sides of the chan- 
nel 41c. The interlayer insulating film 14 composed of 
an SIO2 flim, an Stf^ n\m, and an SIO2 film, stacked in 
that order, is formed over the entire surface including 
the active liyer 41 and the gate insulating film 12. The 
element driving power source line 1 00 Is disposed con- 
nected to the driving power source (Pvdd) by filling a 
metal, such as Ai, in a contact hole provided corre- 
sponding to the drain 41 d. The planarization Insulating 
flm 1 6 Is further provided over the entire surface. A con- 
tact hole is formed at a position of the planarization In- 
sulating film 16 corresponding to the source 41s. A 
transparent eiectrode of TTO (Indium tin oxide). i.e. the 
anode 61 of the organic EL element, Is formed on the 
planarization insulating film 16, making a contact with 
the source 41 s through this contact hole. 
[0057] The organic EL element 60 includes the anode 
61 fomned of a tmnsparent electrode, such as ITO, an 
emissive element layer 68 described below, and a cath- 
ode 67 fomned of magneslum-lndlum alk>y, or the like, 
stacked in that order. The emissive element layer 66 
may Include, for example, a first hole transport layer 62 
fomied of MTDATA(4,4,4-trfs(3-methylphenylphe- 
nylamino) triphenylamlne). a second hole tran^rt lay- 
er 63 of TPD (N, N-dlphenyi-N, N-dl(3-methy{phenyl)- 
1,1-b4)henyl-4.4-diamlne). an emissive layer 64 of 
Bebqj (bls{1 0-hydroxybenzo[h]qulnolinato}befyillum) 
including quinacrUone derh^atives. and an electron 
transportlayerOSof Bebq2orthelike. ItshouMbenot^ 
that an Insulating layer 68 is fonned for preventing a 
short circuit between an edge of the anode 61 and the 
cathode 67. The organte EL element 60 has an exem- 



plary configuratton as described above, and this ele- 
ment 60 sttetantiaBy fomis the dispby (rixel (emissive 
region). 

[OOSq In the organic EL element holes and electrons 
^ Injected from the anode and the cathode, respectively, 
are recombined in the emissive te^, thereby exdtii^ 
organte molecules contamed in the emissive layer and 
generating exdtons. Ught Is released f rorn the emissive 
layer during the process in whteh the egcdtons deacti- 
10 vate.andthlsraleaseofilghtfromthetransparentanode 
through the transparent insulating substrate and to the 
outside can l>e observed. 

Jf^QSttl According to the preferred emtKxflment of the 
present inventton. in the display devtee having ttie or- 

18 ganle EL element 60 as described above, the element 
driving power soume voltage Pvdd for supplying a cur- 
rent to tiie EL element 60 through the second TFT 40 Is 
first oontroHed to be turned off when the device is turned 
off. AcoorcSngly, thecurrent to flow ttirough each organic 

^ ELelement60lsllr6t8tDppedwhlletheseeoridTFr40 
is ON. and then the driver power source is tunned off, 
thereby turning off the first and second TFTs 30 and 40. 
[0060] By tuming off the display (tevtee in the above- 
described order, the ftewing of a large current to the or- 

2' gante EL element 60. espedaily to the emissive element 
layer 66, when the devtee is turned off can beprevented. 
thereby preventing de^pfadatlon of the emlssh/e element 
layer 66. and. therefore, of the organte Et element 60. 
[0061] Wtiile In the above description the timing fbr 

30 starting ttie supply of the power source voltages Vvdd 
and Hvdd to the drivers is substantially the same as the 
timing for starting the supply of the power sounce vottage 
Pvdd to the element driving power source line when the 
device Is turned on. the present inventlori Is not limited 

35 to such a configuration, and the sequence circuit 350 
may provkle the power source voltage Pvdd to ttw ele- 
ment cMvIng power source line after f list supplying the 
power source voltages to the drivers. 
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Claims 

1 . A ffisplay devtee. comprising: 

a veitteal driver for supplying a scan signal to a 
plurality of gate signal lines; 
a horizontal driver fbr supplying a data signal 
to a pluraDty of data signal lines crossing saM 
pkirallty of gate signal lines; 
a switching element connected to the gate sig- 
nal Bne and ttie data s^nai line at an intersec- 
tion between these signal lines; 
an emissive element connected to saki switch- 
ing element; 

an element driving power source line for sup- 
plying electric power to sakJ endive element; 
and 

a sequence circuit for stopping supply of eleo* 
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trte power to said simom drtvbig powar 8oum 
line before stopping supply of a driver driving 
power source. 

The display device according to dalm 1, wherein s 
said ewitchingelement is composed of fMand sec- 
ond thin film transistorB, the first thin flm transistor 
t)avf ng a first region of an active layer connected to 
add data signal Ine, a gate connected to aald scan 
signal line, and a second region of the active layer 10 
connected to a gate of the second thin fibn transis- 
tor, and the second thfei filn transistor having a first 
region of an actNe layer connected to said element 
drhring power source line and a second region of 
the active layer oonneded to one electrode of said 
emissive element * 

The dnplay device according to dalm 1 or 2, where- 
in eidd eequence circuit indudee first and second 
transtatoTB, first and second restelors, and a third » 
reeistor connecting said firet and second transis- 
tors; 

said first transistor has an emitter connected to 
said first resistor which Is connected to an ele- 
ment drhring power source generation drcult, a 
t>ase connected to a power source, and a cd- 
lector connected to ground; and 
said second transistor has an emSter connect- 
ed to said second resistor which is connected A) 
to a drh^ driving power source generadon dr- 
cutt, a base connected to said third resistor, 
which Is conneded to the emitter of said first 
transistor, and to the other etectrode of a ca- 
pacitor ivhose one electrode is connected to ^ 
ground, and a colector connected to ground. 

The dtaplay device according any one of daims 1 -3. 
wherdn said emiSBlve element Is an electrolumi- 
nescence element. 40 
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